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DESCRIPTION 

WIRING STRUCTURE AND ELECTRODE OF 
SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

Technical Field 
The present invention relates to a wiring 
structure and an electrode of a semiconductor device, 
and a method of manufacturing the same. 

Background Art 
Generally, to manufacture a semiconductor 
integrated device such as a semiconductor integrated 
circuit, film-formation, oxidative diffusion, etching 
and the like are repeatedly applied onto a semicon- 
ductor wafer to form numeral transistors, capacitors, 
and resistances, and thereafter these elements are 
connected with a wiring pattern. Furthermore, since 
the development of a high-performance integrated 
circuit and a multi-functional integrated circuit has 
been demanded, a further reduction of wiring width and 
higher integration of the elements are demanded. 
Moreover, a multi-layered structure has come to be 
employed in which circuits themselves are stacked one 
upon the other with an insulating layer interposed 
between them. 

Since a sectional area of the wiring and 
a connecting portion is reduced under these 
circumstances, there is a tendency of increasing 
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resistance. It follows that, as a wiring material, 
copper tends to be used in place of aluminium used 
generally at present. This is because copper is highly 
resistant to electromigration and its resistivity is 
5 relatively low even though form-formation is not so 

easy as aluminum. 

Usually, as a gate electrode used in a transistor 
element, a doped polysilicon layer is used alone or 
P a double layered structure electrode is used which is 

m 10 formed by stacking a molybdenum silicide layer or 

| a tungsten silicide layer on the doped polysilicon 

ffi layer. However, to further reduce the resistivity, 

f an attempt has been made to replace upper silicide 

° layer of the double-layered gate electrode with 

O 15 a single metal layer, for example, a tungsten layer. 

O incidentally, copper and tungsten themselves are 

highly active metals, so that they are likely to react 
with other elements. For example, metal copper has 
a large diffusion coefficient, so that it diffuses and 
20 segregates into Si, Si0 2 or the like, causing defects. 

As a result, not only resistance value increases but 
also exfoliation occurs. 

When a metal tungsten film is used as one of the 
layers of the gate electrode of the double layered 
2 5 structure, the silicon atoms of the lower doped 

polysilicon layer and tungsten of the upper metal 
tungsten layer are mutually diffused and react with 
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each other to produce tungsten silicide having a large 
resistivity. 

To prevent the reaction between the metal copper 
and the metal tungsten, it is possible to use a barrier 
metal such as TiN (titanium nitride) as conventionally 
used. However, the TiN layer is not a preferable 
barrier metal because affinity, in other words, 
adhesiveness, with the metal copper film and the metal 
tungsten film, is not satisfactory. 

Recently, the semiconductor integrated circuit has 
been desired to be formed in more integrated and more 
multi-layered structure and operated at a higher speed. 
To satisfy these demands, it is required to reduce 
a resistivity of a gate electrode, for example, by 
reducing the thickness of individual layers and to 
increase an aspect ratio (a high aspect ratio) during 
etching processing. 

However, if the thickness of a tungsten film 
constituting the gate electrode is reduced, the 
tungsten film degrades in adhesiveness to an underlying 
layer, for example, the polysilicon layer, and in 
heat resistance. It is also possible herein that 
a conventionally known TiN film is interposed between 
both layers as a barrier metal. However, in this 
case, the adhesiveness between the TiN film and the 
polysilicon film at the interface degrades, causing 
exfoliation . 
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Disclosure of Invention 
An object of the present invention is to provide 
a wiring structure and an electrode of a semiconductor 
device including a barrier metal which is effective for 
a metal copper film and a metal tungsten film, and to 
provide a method of manufacturing the same. Another 
object of the present invention is to provide a gate 
electrode excellent in characteristics even if the 
thickness is reduced and a method of manufacturing 
the same. 

To attain the aforementioned object, the wiring 
structure of the semiconductor device according to the 
present invention comprises 

a first conducting layer electrically connected to 
a semiconductor element or a wiring element formed on 
a semiconductor substrate; 

a barrier metal formed on the first conducting 

layer; and 

a second conducting layer formed on the barrier 
metal and electrically connected to the first 
conducting layer via the barrier metal; 

in which the barrier metal is formed of WN X 
(tungsten nitride) or WSi x N y (tungsten silicide 
nitride) . 

Furthermore, the present invention is directed 
to an electrode of a circuit element formed on 
a semiconductor substrate, comprising a polysilicon 



layer, a barrier metal formed on the polysilicon layer 
and a metal layer formed on the barrier metal, in which 
the barrier metal is formed of WN X (tungsten nitride) 
or WSi x N y (tungsten silicide nitride). 

The present invention is directed to a method of 
manufacturing a wiring structure of a semiconductor 
device, 

forming a first conducting layer by depositing 
a metal film on an insulating film of the semiconductor 
device ; 

forming an interlayer insulating film over an 
entire surface of the semiconductor substrate so as to 
cover the first conducting layer from the above; 

forming a connecting hole at a predetermined 
position of the interlayer insulating film so as to 
pass the interlayer insulating film and reach the first 
conducting layer; 

forming a barrier metal of W % (tungsten nitride) 
or WSi x% (tungsten silicide nitride) from an inner 
surface of the connecting hole to a surface of the 
first conducting layer exposed in a bottom portion of 
the connecting hole; and 

depositing a metal film on the barrier metal and 
simultaneously fill the connecting hole with the metal 
film, thereby forming a second conducting layer 
electrically connected with the first conducting layer 
via the barrier metal. 



Furthermore, the present invention is directed to 
a m ethod of forming a gate electrode of a transistor 
formed on a semiconductor substrate, comprising 

forming a polysilicon layer on a gate oxide film 
formed between a source and a drain of the transistor; 

forming a barrier metal of WN X (tungsten nitr.de, 
or WSi x% (tungsten silicide nitride,, thereby forming 
a metal layer on a barrier metal. 

Brief Description of Drawings 
PIG. 1 is an enlarged sectional view showing 
a barrier metal applied to Cu dual damashine wiring. 

FIG. 2 is an enlarged sectional view showing 
a barrier metal applied to a contact hole. 

FIG. 3 is an enlarged sectional view showing 
a barrier metal applied to a gate electrode. 

FIG. 4 is an enlarged sectional view showrng 
a barrier metal applied to a capacitor electrode. 

FIG. 5 is a schematic structural view showing 
a processing apparatus for forming a barrier metal. 

FIGS . 6A to 6F are views for use in explaining 
a cu dual damashine process. 

fig. 7 is an enlarged view showing a part of 
the electrode shown in FIG. 3. 

fig . 8 is an enlarged sectional view of a gate 
electrode using Ta 2 0 5 as a gate oxide film. 

fig 9 is data for comparing the gate electrode 
according to the present invention to a conventional 
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gate electrode. 

Best Mode for Carrying Out the Invention 
now, embodiments of the present invention will be 
explained with reference to the drawings. 

FIG. 1 is an enlarged sectional view showing 
a barrier metal applied to Cu dual damashine wiring. 
FIG. 2 is an enlarged sectional view showing a barrier 
metal applied to a contact hole. FIG. 3 is an enlarged 
sectional view showing a barrier metal applied to a 
gate electrode. FIG. 4 is an enlarged sectional view 
showing a barrier metal applied to a capacitor 
electrode . 

The dual damashine process for forming Cu 
dual damashine wiring as shown in FIG. 1 is used 
for the multi-layered structure of wiring to 
attain a high-performance and multi-functional 
device in a semiconductor integrated device, namely, 
a semiconductor integrated circuit. More specifically, 
in the case where wiring is formed in the multi-layered 
structure, an upper layer wiring element is connected 
to a lower layer wiring element. At this time, this 
process makes it possible to form wiring and via-plug 
simultaneously, with the result that the number of 
steps, and the cost for wiring can be successfully 
reduced, and the aspect ratio can be successfully high. 

In FIG. 1, reference numeral 2 is, for example, 
a substrate such as a semiconductor wafer, a reference 



numeral 4 is a lower-layer wiring element (conducting 
layer, formed on a surface of the substrate 2. The 
lower-layer wiring element 4 is insulated by, for 
example, Si0 2 insulating film 6 formed therearound. 
T he lower-layer wiring 4 is formed of, for example, 
a metal copper thin film. Reference numeral 8 is an 
interlayer insulating film made of Si0 2 formed by SOG 
(S pin on Glass, so as to cover the Si0 2 insulating film 
6 and the lower-layer wiring element 4. The interlayer 
insulating film 8 is formed by coating in accordance 
with SOG as mentioned above, so that a relatively large 
number of oxygen molecules are contained. 

Reference numeral 10 is a via-hole formed in 
the interlayer insulating film 8 so as to expose 
a part of the lower-layer wiring element 4. Reference 
numeral 12 is a wiring groove formed in the surface 
of the interlayer insulating film 8. Reference numeral 
thin barrier metal of WN X (tungsten nitrrde; 
0.5-1) or WSi x N y (tungsten silicide nitride; 
x - 0.01-0.2, y = 0.02-0.2) according to the present 
invention. The barrier metal is formed on an inner 
wa ll surface of the via-hole 10 and on an inner wall 
surface of the wiring groove 12. Reference numeral 16 
is an upper layer wiring element (conducting layer, 
formed of, for example, a metal copper, when the 
wiring is formed, the via-hole 10 is filled with the 
metal copper, with the result that a via-hole plug 16A 
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»-■-—■ —r.ru'»— 

Sickness L.2 of the barrxer metal 

°-°° 5 " °'° 5 h . in the dual damashine 

As described in the above, xn 

14 formed of VWx 

process, since the thin barrxer metal 
or WSi x% i. -terposed between the upper layer 
element ,S - o fa copper thin xlrn^ - 
th e interior xnsulatin, 8 formed b y » 

b et W een the via-hole Plu 9 -made of meta cop 
an d the interlayer insulatin, film 8 formed by 0. 
m etal copper of the via-plu 9 ^^^'^ 

" " ^rrri rrelre Possible 
interlayer insulatxng frlm 8 . 



Therefore, the resistance of the 

, 4- ifi can be maintained at 

«4- i fi is formed of any outs 

formed of W or Cu. 
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• barrier metal of 

FIG 2 is a view showing the barr 

the present invention applied to a contact hole 
IB th e figure, reference numeral ,8 is a source or 

> „f a transistor formed in 
a drain (conducting layer) of a trans 

t , sanation vill be made by regards 
th e substrate 2. Expla Re£ere nce numeral 

i ip as the source. Rerej-ei 
reference numeral 18 as tn 

20 is an interlayer insulating fil» covers t h e 

entire transistor including t h e source ». thereby 

n t . nq it The insulating *U» 2° is formed of 
insulating it. ^ 

. siO, film formed by SOG in tne 

an 72 is a contact hole to 
i n FIG 1. Reference numeral 22 is a 

ir;::.:. r 

• „ntion is formed. The contact hole 22 
nresent invention is 

Lied with a contact hole plug 2. made of me. 
copper , and simultaneously, metal copper i s 
portion. The metal copper is then 
the upper portion. o1pmG nt 
thereby form a wiring element 
to pattern etching to thereby 

(conducting layer) 24. 

H is interposed between the interlayer 
of wn x or WSi x N y is mterp 
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on and the wiring 

TMr e£ore, it is p0SS1 the ffle tal copper 

T o£ negation - ~**>J ^ is the re f ore pos Sibl e 

pre vent the *«» orat be pre vented. 

,„at erfoliation can or 
result that ex structure, the 

„ tn e aroreKentioned str ^ Miring 24 *ay 

source 18 15 

* £theba rrier.«etalort h e 

- ^ ^ 3 VlS ;l to the gate electrode. 
n+ invention applre 
present mv nU merals 18, 

5 L the ^ — drain the transit 
resp ectively a source and ^ ^ 2 . 
dev ice ror*ed in *>"■<« for „ ed 

, ga te electrode 28 ^ ^ £ormed in a 

, , 6 The gate eleotr exa mple. 
20 £llW 2 ' eied structure W stacKtn. * ^ 
three layered uico n layer 30- 

a P hosphoras-doped ^ ^ ^ layer 32 or 

metal U or «, or ^ bottom . 

tung sten, lathe order * ^ 14 o£ th 

t invention is interposed 

PieS d t he -etal layer 32, * 

lay er 30 and the 
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of tne poXvsiU- W« 30 ana 
pr event silicon atotts of ^ diffusi n 9 

m etailic a-s of tne »eta^ V ^ 
ea cn otner. - a 1 ^ feeing conv ertea into 

pr event tne -taX layer 32 ^ ^ (vacant 

. sil^e aXso .even. ^ ^ ^ „ can be 
h oXes> thai tne resistance Qf the m etaX 

prev entea fro™ increase ana 

la yer 32 can *>e preven-a. ^ ^ 

ID th e -e»e» t - d ^ oxide fUm 26 

lay er 32 - - { or»ea o • 
is £o rmea of any one o£ Sr0 2 , 

(*- 1 - 41 - cture of a capacitor to «nicn 

- 4Sh0 r f r -nt invention is appl-. 
tne b arrier m etaioftneP^ soneofthe 

A diffusion Xayer ^ ^ ^ sur£ace of 

el ectrodes of tne layer n. a tMn 

the substrate 2. * die lectric layer 

oft is formed as a 
insulatin, layer 26 rs ^ iayer 26 , 

of th e capacitor. On tne t ^ 30/barrier 

«. — d Str T32 . -ea as t.e ot h er 

„etaX 14/«etal layer («1 rti .r -«! » 

electrode of tne capacitor. ^ ^ 

, of wNv ° r VJSi x N y filicide, 
is ,or»ea x converted lnto a srXr 

the m etal layer 32 is pr eventea. 

t^.- — 

In additxon, tne 
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. ase since the barrier metal H 
in this case, sine po lysilicon 

to prevent metal ate. 

fusing into the polysil-n « ^ 
14. As a result, 

to prevent the metal laye ^ ^ 

into a metal silicide layer. ^ ^ ^ 
t esistivity of the metal lay- ^ ^ 

aecreasin, and e.foliatron of 

prevented. , truc ture, the metal layer 

In the af orementioned .ruc^ ^ ^ ^ ^ 

ma y be formed of any 

tX=1 " 4> ' wiU explain a method of — ^ 
Next, O iprtrode. 

• - na structure and electru 
a£orem entic.ed ^ ^ ^ ^ , 

atus for forming the barrier metal- 
a pro cessing apparatus ^ ^ 

The processing pEoc .. Bing apparatus has 

As shown in the f^«e, ^ q£ 

a cyli ndrical shape pedest al 3* is 

alu minium. ™ ^ 2 thereon. ***** 

arranged for mounting ^ ^ ^ ^ for 

5 the mounting pedesta . ptoces s 



f the processing vessel to heat 
in a lower portion of the 

the suhstrate a » *>" ^ mounting festal 

the processing vessel 3 ^^^36 

3S are Individ ^ . 

also serves as a lower ^ ing vessel 3,, 

isU sea. -- b0 "° BOf ded Tot he exhaust 

aa exhaust Port ,0 is P- a ^ ^ way of 

aV acuu m pe»P«- TO ber 44 is connected via a 

the processing vessel 34. ^ vessel 3 4, 

K Che upper ^ numetous gas spray 

ash ower -a PO^on « n ng materi al «■ 

hol es 50 is previa vra ^ 

13.-- is connected 

pover source » ^ ci rcuit 5*. 

by way or a switch » a ^ necessary , 

If a h i 9h ^uency Power 
2Q to t he shower head port- ^ 

ele ctrode, pi— ^ ^ is not to 
The .etnod for aPP^ ^ ^ ^ appUed to 

th is. «- ^ ^"X^ively, aPPli- « *>* 
a l0 wer electrode, and alt 

« — - w ~ ei r;:;;ty - ^ — ~ 

Ttrre's^erneaa Portion « via an 
connected to tn 
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« flow controller 60. 

Asa9 as source, a ^6 ^^r.s^.Uane, source 
(m onomethylnydrazine> s ° urC ' M source 72, 

cr a N7 source 
66 , anNHj source 68, 

•,. a C1F 3 source 75 are P 
a H2 source 74, 3 selectively 

•vh different purposes ana 
accordance wrth dr si „ 4 ga s, disilane 

usea. Furthermore, m e ^ ^ 

(Si2H4) or dicMorosiiane ^> structure of 

*~ 3 " eth0d " I 1 device constituted as 
-— iWent ;::i:;ained .re specifics, 
me ntioned above wrll P of the 

^^"Tlire —of — - 

pr esent invention r— ^ ^ ^_ ^ ^ 
barrier metal at a st sive i y . I» this 

text , a case wher ementioned cu dual 

rIG . n is — dby t eexplained as an example, 
damashine process will . s 
,ote that in the case ^ ^ ^ of £orming the 

— ^^^f — - barrier metal 
before/after the step 

diffeI - fo rmation of «Si x% (P^a-iess , 

111 0ne - StSP a method of — a «Si x% 

" tip .ixx « ■ USin9 

ba " ierroet :a:;l-rlnt from the Processin, 

another apparatus 



' n FIG 5 and in accordance with 
appa ratus — - interlayer insulating filro 
a M own method, 2 ^ ^ ^ o£ 

£ ormed by SOG so as to . nsulating layer 6 

subsequently, w & wiring 

integer in-t- - _ d ^ ^ 

pa ttern in accordance - a ^ ^ ^ ^ . 
Furthe rmore, a via- e ^ ^ ^ ^ 

^determined port.on o c)) . 
th e lower-layer wiring * therer <^ ^ ^ 

^""r o initiate t h e .ration o, the 
shown m FIG. 

barrier metal. ^ ^ the mount ing 

Af ter the substrate pro cessing 

pe destal 3S o f the process!, ^ ^ 2 ^ 

^""^^^ 

Q and simultaneously P ^ while the 

processing vessel under these 

at a predetermined processing P s su ^ ^ 

for forming tne 
conditions, a process ^ ^ hMH 

. bv supplyi^ WF 6 gas, 
25 carried out. By employing 

gas separately as processing ^ a ^ vapor Deposition)/ 
pla sma-!ess thermal CV D (Chem.cal 



. me tal 14 of the WSi x% iS f ° rmed 

the barrrer metal thickne ss in one step 

a stretch to a predetermined thrcKn 

(FIG ' 6lD>> ' bstrate2, an 8-inch wafer is used 
As the substrate ^, 

• n Th e processing gases, WF 6 gas, S1 H 4 g 
S are supplied at flow rates of about 
andMMH9 , 0 sec and 1-10 seem, respective!, 
2 . 20 seem, 10-300 ^ 3oQ _ 45o ^ The 

Th e processing temperature ^ ^ ^ ^ ^ 

accessing pressure is about • ^ ^ 

wher e dxchlorosilane is use » ^ ^ ^ ^ 

0ther9aSeSare ;rs S re e^ed but the processing 
sam e processing pressu 

temperature is about 550-650C ^ 

• al values mentioned about as wel 
numeral value descri bed later are 

numerical values which wrll ^ ^ 

,« so that these numerical 
only examples, ^ nost 

appropriately changed m order 

suitable conditions. possi ble to form 

If th,s method is employe , rt P ^ 
the barri er metal 1* in one step * 
^ a n be reduced. 
wh en the formation of the 
co m P leted in thrs method, for e.amp 1,^ 
-— £ - theP Trderrd on the surface 

of the substrate simulta „eously fin the 

(ch emioal Vapour Deposxtron, 
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ra ,o m this manner, 

- — 10 is fule \ H— - - — 

and the upper-layer wiring 16 

9r °° Ve " r;l ( cv D Process^ o fth e,e t al copper 

NOtS in same processing apparatus as 

may be carried out in tn 
used in forming the barrier metal. 

su bse q uently, 
copper deposited thereon is taXe 

accessing apparatus and sub,ec :te t - ^ 
M ec h anical wishing, to P o is - ~ 

metal .pp. - -;^;r: us £orned (FIG .e,„. 

pattern of the upper layer 

ner the Cu dual damashine wirmg is 
in this manner, tne 

completed. for 

„ t „. — ... 

■ i roaen atoms mto tne 

f nlssary, an inert gas such as M gas 
carrier gas. in place ox SiH 4 gas, 
ma y be used as a carrier g ^ 
di chlorosilane, disilane or the ^ V 
(2) one-step formation of w»x (P 1 

will explain a method of forming vm x 
Then, we will expia eItip loyed 
• „ P step. The same manner is emp 
barrier metal in one step. ^ 
„t the step shown m FIG. o i 
5 in the steps except the 

.ill explain only the manner employed 
that we will exp in this case , the barrier 

step shown m FIG. 6 (U) 



a st retch - a predetermined thinness in one V 

in accordance with the plasma-less thermal 
in accoru processing 
In the case of an 8-inch wafer, P 

, - ^ »+ a flow rate of about 
gas, WF 6 gas is suppled at a 

» t a flow rate of about 
5-80 seem and MMH gas at a flow 

seem. ,he processing temperature is about 
300 _ 45 0<C and the processing pressure is about 0, 

80 T; this case, 

gases «e used, the structure of a gas supp, n~* 

needless to say, SH 3 gas or H 2 g 

of MMH gas. 

m Two-step formation of V*Si x % 

1. ... -P- ■ — ■ - ; A 

. FIG 6 ( c) is completed, the 
step shown in FIG. 

, d in the processing apparatus shown xn FIG. 
formed in the p proce ssing gases. 

WF6 gas and SiH 4 gas are used as 

. „ es are supplied with or without usmg 
The processmg gase « » ^ ^ 

th e carrier gas '«* ' ng gas , WFe 

byPl -Tild IT r, t e of about 2 - 8 0 seem ^ 

5 SUP I ^alt S -,0 seem in the case of an .-!» 

SiH 4 gas is at aboux 

wafer . The processing temperature rs about 



-inch 



Heedless to say, dichlorsilane, d isilane, or the ^ 

may be used in place of SiH 4 . 

wh e„ the formation of the WSi fil« is thus 
completed, supply of « 6 9 as and SiH 4 gas is shut off 
an d then, MMH gas is supplied to nitride the WSr frlm, 
with the result that the «Si x% barrier metal U rs 

aoout 1 to 20 seem. The processing temperature is 

ab out 300 to 450-C. The processing pressure is about 

0 5 to 10 Torr. In this manner, the formation of 

the barrier metal 14 is completed. The nitriding 

i8 performed by using MMH gas herein because the 

pressing can be ma d e at a low temperature, so that 

a side reaction product is relatively rarely generated. 

w.i« +-« <?olve a problem with 
It is therefore favorable to solve a P 

particles. 

place of the MMH gas. furthermore, it is preferable 
tha t the WFg gas be completely removed by purging » 2 
ga s into the processing vessel 34. between the frlm 
£or mation step and the nitriding step. X. particular, 

j .„ ^ lare of the MMH gas m 
when the NH 3 gas is used in place 

: f the WFfi gas remains in the 
■the nitriding step, if the w* 6 y 

pi a side product, which is difficult 
processing vessel, a siae P 

to remove, is forme, by the reaction between ammonra 
and fluoric gas. Xt is therefore preferred to 



completely remove the ^ ^ -*« «» 
temperature is about 300 to 4 5 0°C. 

ga s the switch 52 is turned on to apply a hrgh 

a , uoper electrode (shower head 
fre quency power between an upper 

portions and a lower electrode (mounting table, 36 

of the vessel to perform the nrtnd.ng process 

of N2 gas is about S0-300 seem, the processing 
tjerature rs about 300 to „«, - the proces « „ 
pressure is about 0 . 1 to 5 Torr ( each o f the condrtrons 

is for 8 inch wafer) . 

AS described in the above, if two steps are 
carried out in the same processing apparatus, rt rs 

„ t(t as a result, the throughput can be 
ofthe water. 

improved . Needless to say, the 

the nitriding step may be perked in discrete 

processing apparatuses. 

,4) Two-step formation o£ WN X 

the step shown in „<, «(C i- ' « 

is £irs t formed in the apparatus shown m FIG. ■ 



about ,0.-1000 seem. The processing mature » 
abo ut 300-450^, the processing pressure is about 

to 80 Torr. . 

+ • „ rvf the W film is completed m 
When the formation of the w 

shut off i and subse q uently, »* gas is supplied and 
thereby nitrides the „ f 11. to for, t h e W» x barrier 
metal 14. _ 
about sec, the processing temperature is about 

300-450<C, and the processing pressure is about 0.! 
5 Torr , ln the case of an 8-inch wafer. In this 
m anner, the formation of the barrier metal 14 - 
completed. T he nitriding is performed by using MMH gas 
her ein because the processing can be m ade at a low 
temperature, so that a side reaction product is 

taA It is therefore favorable 
relatively rarely generated. It 

to solve a problem with particles. 

plac e of MMH gas as explained in the above (3). 
Fur thermore, it is preferable that the W, 6 gas be 
completely removed by purging « 2 gas into the 

• vessel 34, between the film formation step 
processing vessel J«, 

Tn carticular, when NH 3 gas is 
and the nitriding step, m parti 



used in Place of MMH gas in the niacin, step. rf the 
W6 gas renins in the processing vessel, a side 
product, which is difficult to remove, is formed * 
the reaction between ammonia and fluoride gas. It xs 
th erefore preferred to completely remove the W, 6 gas 
be£or e the nitriding process, when N H 3 gas is used, 
the processing temperature is about 300-450«C. 

swi tch „ is turned on to apply a high fluency power 
betw een the upper electrode (shower head portion, 48 
and the lower electrode (mounting table, 36. m th- 
manner, a plasma is generated in the interior of the 
v essel to perform nitriding process for the surface o 

about 50-300 seem, the processing temperature is about 
300 t o 450^, and the processing pressure is about 0. 
to 5 Torr. 

As described in the above, if two steps are 
carried out in the same processing apparatus, it xs 

o£ th e water. M a result, the throughput is proved. 
Ne edless to say, the film formation step and the 
nit riding step may be performed in discrete processing 

apparatuses. 

The barrier metal 14 formed by each of the 
aforementioned methods was checked for characteristics. 
fts a resuit, it was confirmed that the barrier metaX 



has sufficiently high barrier properties to oxygen 
atoms or silicon atoms. 

N ext, the gate electrode of the present invents 

and the method of forming the gate electrode will be 

explained. 

N ow, the gate electrode 28, which has been 

i-tt 3 will be explained 
explained with reference to FIG. 3, 

... fig 7 is a magnified view of 

more specifically. FIG. 

a part of the gate electrode shown in FIG. 3. 

we will explain the case in which tungsten nitride 

(WNx) is used as the barrier metal 14 as an example. 

A s explained in FIG. 3, a source 18 and a drain 19 

over the substrate 2 such as a single crystalline 
silicon semiconductor wafer, as explained in FIG. 3. 

<=-i™ 9fi a silicon oxide film (Si0 2 ) 
As the gate oxide film 26, a sin 

is used. 

For example, a phosphorus-doped polysilicon layer 
3„ i 9 formed in the different film formation apparatus 
as mentioned above and in accordance with a Known 
method , an d thereafter, the substrate W is loaded into 
tn e film formation apparatus as shown in FIG . 

steP using the aforementioned plasma-less CVO or by 
two-steps. 

WF6 gas and MMH gas are supplied as the processing 



gases to for, the barrier metal of the W» x film on 
the polysilicon layer 30 at a predetermined thickness 
in accordance with the plasma-less thermal CVD. 
The processing gas, WF 6 gas is supplied at a flow 
rate of about 5-80 seen, and MMH gas at a flow rate 
of about 1-20 seem, in the case of an 8-inch wafer. 
The processing temperature is about 300-450'C and the 
processing pressure is about 0.5 to 80 Torr. 

in this case, since the number of gas types x. 
only two, the structure of the gas supply system can be 
drastically simplified. NH 3 ,as or N 2 gas may be used 
in place of MMH gas. 

In the case where the WN X film is formed in two 
steps, the w layer is first formed. At this time, WF 6 
g as and H 2 gas are used as the processing gases to 
deposit the w film by the plasma-less thermal CVD. 
A s the processing gas, WF 6 gas is supplied at a flow 

about 100-1000 seem in the case of an 8-inch wafer. 
The processing temperature is about 300-450<C and the 
processing pressure is about 1 to 80 Torr. 

When the formation of the w film is thus 

subsequently, MMH gas is supplied to nitride the w 
£il m, to obtain the barrier metal !4 of At «*« 

time, the flow rate of the MMH gas is about 1 to 
10 seem, the processing temperature is about 300 



to 450^, and the processing pressure is about 0.! to 

5 Torr . 1B this manner, the formation of the barrier 

metal H is completed. Th e nitriding - 

us ing MMH gas herein because the processing can b - 
at a low temperature, so t h at a side reaction product 
iB relatively rarely generated. Xt is therefore 
favorable to solve a problem with particles . 

pla ce of the MMH gas. F »rthermore, it is preferable 
that the WF6 gas be completely removed by 
gas into the processing vessel 3,, between the film 
Ration step and the nitriding step. Xn particular, 

step if the WF 6 gas remains in the 
the nitriding step, i « 

accessing vessel, a side product, which is difficult 
to remove, is formed by the reaction between ammonia 
and fluoride gas. xt is therefore preferred to 
completely remove the gas before the nitriding 

process . When the H H 3 gas is used, the processing 
temperature is about 300 to 450^. 

lay er 32 is formed in the same processing vessel 34. 

. ■ f „r the tungsten layer 
Ih e film formation conditions for the 

are the same as in the film formation step of 

film performed before the w Hx layer is formed in 

the two-step process previously mentioned. Using 
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g as ana H 2 9 as as the ^cessin, ^ « ^ 

ls deposited to a P— thicKness rn accordance 
wi th th e plasma-less thermal <"»• - this — 
. fl cw rate of the processin, 9 as, W, 6 9 as, » 

Th e processing temperature is about 300 to ,50 C. 

Th e processing pressure is about 1 to BO Torr. xt th 

t J each of t h e layers is set such -t a desrgn rule 

•4-,, ^ used. More specifically, 

i a U t ,0* thick, the poiysiUcon layer 30 is 
film 26 is th . ck and 

about 500A thick, the barker metal 

«v is 500A thick, 
the metal layer (tungsten) layer 32 

i= formed in this manner to 
The tungsten layer 32 is forme 

,„ ,o T he barrier metal 
thereby form the gate electrode 28. 

laver 32 are made of the same 
14 and the tungsten layer 

■al namely, tungsten, so that they are 
metallic material, namely, 

continuously formed in the same film formation 

, Therefore, the loading/unloading operation 

apparatus. There , ^ result that 

of the substrate is not requir 
the yield can be improved. 

Since the WK X layer is -d as the barker 
m etal in the polysiUcon metal .ate electrode it is 
■ ossible to obtain resistance at an extremely U. 

value, in addition, adhesiveness and heat resistance 

• n+ ^ned high and high 
between both layers can ^ _ _ 

barrier properties are exhibited. 
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if the barrier metal 14 is reduced in thickness up to 
about 50k, the sufficient barrier properties as 
m entioned above can be obtained. It is therefore 
possible to attain a thin-f il» and multi-layered 

semiconductor integrated circuit. 

The gate electrode of the present invention and 

a conventional gate electrode generally used were 

• Th*> results are shown 

checked for characteristics. The resu 

in FIG. 9. 

in FIG. 9, Comparative Examples 1 and 2 show 
a conventional gate electrode. More specifically, 
Comparative Example 1 is the gate electrode formed of 
the polysilicon layer and the tungsten silicide layer. 

,, 7 is the qate electrode formed of 

Comparative Example 2 is tne ga 

the polysilicon layer and titanium silicide layer. 

As is apparent from FIG. 9, the gate electrode of 
the present invention is excellent in both resistance 
value and heat resistance which are critical 
characteristics as the gate electrode. Furthermore, rt 
is demonstrated that the gate electrode of the present 
invention is satisfactory in chemical resistance, that 
is corrosiveness to hydrogen fluoride <HF) , and in 
etching properties during the film formation. Note 
that the low etching property during the film formation 
m eans that the film thickness is controlled well. 
Therefore, it is possible to form a thin-film gate 
electrode can be formed with a high accuracy. 
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in contrast, in Comparative Example 1, 
heat resistance is good but a critical factor, 
resistance value, is considerably large. For this 
reason, Comparative Example 1 is not preferable. 
In comparative Example 2, the resistance value is large 
and heat resistance is lower than the reference value 
of 850<C. For this reason. Comparative Example 2 is not 
preferable . 

in the aforementioned embodiments, the case where 
Si0 2 is used as the gate oxide film 26 is explained 
as an example. However, the present invention is 
not limited to this. Tantalum oxide (Ta 2 0 5 > enabling 
a further reduction of the film thickness may be used 
as the gate oxide film 26. 

FIG. 8 is a magnified sectional view of the gate 
electrode when Ta 2 0 5 is used as the gate oxide film. 
In the case of the gate electrode shown in FIG. 8, 
a WN X barrier metal 14 is directly formed on the Ta 2 0 5 
ga te oxide film 26 in place of using the polysilicon 
layer. On the barrier metal 14, the tungsten layer 32 
is further formed. 

The barrier metal 14 and the tungsten layer 32 
are formed continuously in the same film formation 
apparatus, as shown in the above. Also, in this case, 
tne MHx barrier metal 14 not only exhibits efficient 
barrier properties but also contributes to further 
reducing the thickness of the gate electrode 28 since 
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the polysilicon layer is not used. The total thickness 

of the gate oxide film 26, barrier metal !4 and the 

tungsten layer 32 can be reduced up to, for example, 

ab out lOOoA. As a result, a design rule of the memory 

of 4G bit capacity can be applied thereto. 

sow, W^x and WSi xNy used in the embodiments of the 

present invention can be cleaned with a gas including 

C1F 3 gas in the same manner as in other major films. 

If cleaning is performed every time a film is formed 

on the appropriate number of wafers, it is possible 

narticles to obtain a high- 
to suppress generation of particxet, 

quality film. 

In the aforementioned embodiments, the case where 
tungsten is used as a high-melting point metallic 
material, is explained as an example. The present 
invention is not limited to this. For example, 
molybdenum (Mo) may be used. Furthermore, in 
the aforementioned embodiments, the case where 
a semiconductor wafer is used as the substrate is 
explained as an example. However, the present 
invention is not limited to this. Needless to say, 
an LCD substrate and a glass substrate may be used. 



